Benign recurrent cholestasis has been described in a nonfamilial form (Summerskill and Walshe, 1959; Summerskill, 1965) and also in a familial form (Tygstrup and Jensen, 1969) . We also recently observed a family with four affected members with benign recurrent cholestasis, where, in addition, many members manifested cholestasis during pregnancy or when taking oral contraceptives (de Pagter et al., 1976) . We studied one of these patients during the prodromal stage of an episode of cholestasis and observed increased serum levels of bile acids, alkaline phosphatase, and 5'-nucleotidase, although the serum bilirubin levels remained normal. Two explanations were considered to explain these findings. On the one hand, patients with familial benign recurrent cholestasis might have a selective defect in bile acid uptake (van BergeHenegouwen et al., 1974) ; on the other hand, the fact that serum bilirubin levels did not increase, although bile acid levels were raised might merely reflect the known insensitivity of bilirubin measurements in patients with liver disease (Fausa and Gjone, 1976; Osuga et al., 1977; Simmonds et al., 1973) .
To distinguLish between these possibilities and to gain further insight into the pathogenesis of the disorder, we have described the plasma disappearance of two hepatophilic anions, indocyanine green and cholylglycine, in patients with familial and nonfamilial benign recurrent cholestasis. As these substances are taken up exclusively by the liver (Paumgartner, 1975; Ng and Hofmann, 1977) , we have equated plasma disappearance with hepatic uptake. Plasma disappearance of these hepatophiles was also described in 22 healthy subjects to provide data for comparison. (Ferguson et al., 1976 ). An indwelling catheter was placed in the other antecubital vein and blood samples were taken at 2, 4, 6, 8, 10, 12, 15 , and 20 minutes. We have shown previously that the plasma disappearance of indocyanine green is not influenced by the simultaneous injection of cholylglycine and vice versa; that the plasma disappearance of cholylglycine is independent of mass up to 5 ,umol/kg; and that Evans blue has no influence on the plasma disappearance of indocyanine green or cholylglycine (Calcraft et al., 1975; Ferguson et al., 1976) .
TECHNIQUES
Indocyanine green was determined spectrophotometrically at 810 nM. The absorbance was determined before and after decolourisation with hydrochloric acid. Evans blue was determined spectrophotometrically at 620 nM. Cholylglycine-1-14C was determined by liquid scintillation spectroscopy. Results were expressed as percentage remaining, by determining the ratio of hepatophile to Evans blue (x 100) as well as by % dose/I, using a figure of 50 ml/kg for blood volume. We have suggested the use of Evans blue to allow correction for delayed mixing as well as biological differences in blood volume (Ferguson et al., 1976) .
Results

INDOCYANINE GREEN
When retention of indocyanine green was calculated on the basis of Evans blue measurements, all three patients with nonfamilial benign recurrent cholestasis had prolonged retention compared either with the four patients with the familial disorder or the healthy controls (Fig. 1) . The same difference was also observed if retention was calculated as % dose/I (Fig. 2) . Patient U8 had greatly impaired clearance of indocyanine green, and he thus be- In contrast with that of indocyanine green, plasma disappearance of cholylglycine was normal in two patients with the nonfamilial disorder and equivocal in the third (patient 5) (Figs 3 and 4 had several exacerbations each year, it is possible that she was not truly asymptomatic, although conventional liver function tests were normal at the time oftheclearance studies. Thus, according to our criteria, patient I was asymptomatic.
CLEARANCES
In Figure 5 the 10-minute value tor cholylglycine and indocyanine green for all patients and normal controls is shown. We have previously suggested that the 10-minute value may be a useful time interval since it is long enough for complete mixing of the hepatophile, but short enough accurately to measure the amount in serum . Normal controls (n = 22; mean ± 2SD) * BRC (one family). 0 BRC (non-familial type). defined, had delayed uptake of both anions. The four Dutch patients with the familial type had normal uptake of both anions, with the exception of patient 1, who had an abnormal cholylglycine clearance. Our results provide no insight into the biochemical abnormality responsible for benign recurrent cholestasis, but they do suggest an abnormality in the hepatocyte membrane persisting in the latent phase of the disease. Further, they suggest that hepatic blood flow is normal in the majority of patients with the disorder, as cholylglycine clearance, which is probably blood flow limited, was within normal limits. Okuda et al. (1976) have described a group of patients with an isolated defect in Indocyanine Green uptake. The relationship of this abnormality is unknown.
INDOCYANINE GREEN VS CHOLYLGLYCINE
Indocyanine green uptake was more frequently abnormal than cholylglycine uptake in patients with the nonfamilial type of the disorder. We have reported previously in abstract form that Indocyanine green uptake is more sensitive than cholylglycine uptake in patients with a variety of liver diseases (Ferguson et al., 1976) , and Barnes et al. (1976) have also observed that plasma disappearance of injected bile acid is frequently normal in patients with liver disease. The present study represents the first comparison of the simultaneous uptake of these two prototypic hepatophiles in patients with benign recurrent cholestasis. We have reported previously that cholylglycine uptake was an extremely sensitive test of liver function (or injury) , but the group of patients reported there was composed predominantly of patients with chronic active hepatitis, and some of these may have had impaired hepatic blood flow because of concomitant ciffhosis.
Fractional indocyanine green uptake decreases as the load is increased (Paumgartner, 1975) , but it seems unlikely that the use of a higher dose would have detected an abnormality in the patients with the familial disorder, as, on the average, uptake was more rapid than that observed for the healthy control subjects. Decreased fractional uptake of a large load of indocyanine green has been shown by Martin et al. (1976) to distinguish types of Gilbert's syndrome.
TECHNIQUES
The techniques employed in these studies would appear to be a rational way for assessing immediate uptake of two of the major classes of compounds extracted by the liver. Indocyanine green uptake presumably involves the same uptake mechanism as bilirubin, as in the rat, at least, uptake is competitive (Scharschmidt et al., 1975) . Cholylglycine uptake, by definition, involves the uptake pathway for bile acids. The use of a plasma volume marker, Evans blue, permits correction for slow mixing, which may group.bmj.com on October 13, 2017 -Published by http://gut.bmj.com/ Downloaded from take three to eight minutes in man, as well as correction for blood volume. The idea is similar to that used by Goresky (1964) for defining uptake by the liver, or the use of PEG for intestinal absorption studies in man (Borgstrom et al., 1957) .
It should be noted that for indocyanine green, the value of the ratio Vmax to Km (Keiding et al., 1976 ) is rather low, so that hepatic uptake is rather independent of blood flow and dependent on intrinsic hepatic clearance (Krarup and Larsen, 1976) . However, for cholylglycine, the ratio of Vmax to Km is high (Reichen and Paumgartner, 1976) , so that blood flow is probably usually rate limiting. Thus, a possible value of cholylglycine clearance measurements will be as a convenient noninvasive method of estimating hepatic blood flow.
The present procedure is quite different in principle from the conventional BSP test which measures the amount of dye remaining in the circulation at 30 or 45 minutes. Such a test is only partially dependent on uptake of BSP by the liver, as the glutathione conjugate of BSP refluxes into blood and in turn is cleared slowly (Milanese et al., 1976) . 
